Abstract. The growth process in germinating barley seeds and its inhibition by actinomycin D and puromycin were investigated. Soon after seeds are imbibed, thcir respiratory activity increases several fold, and the protein-and carbohydrate-synthesizing systems become active. The immediate activation of protein synthesis and its inhibition by actinomycin D and puromycin suggest that the dry seed has all the components necessary for protein synthesis.
The growth process in germinating barley has been under investigation for over a hundred years. Brown and Morris (3) reviewed the work done during the nineteenth century. These early studies concentrated on finding optimum conditions for germination, and on the roles of endosperm and embryo as food source and food consumer respectively, and on the complex interactions between these 2 parts.
More recent publications report the interactions between the embryo, which is the natural source of gibberellic acid, and the aleurone cells of the endosperm, which supply enzymes responsible for the degradation and mobilization of the reserve food (2, 5, 7, 19) . Most of these studies, however, have been conducted after seeds have been imbibed for 24 to 48 hr; thus the findings reflect the metabolic state of the seeds nmany hours after imbibition.
The present paper reports on glucose metabolism, protein synthesis, and respiration which take place in barley during the first 12 hr of germination. Knowledge of such early phases of growth could give an insight into the biosynthetic capacity of the seed and thus might be used to determine seed quality and predict seedling performance in much less time than that required by present methods. Seeds were washed in 1 % sodiuimi hvpochlorite (NaHClO) for 15 nmin and aseptically transferred into imbibing and incubation media containiing penicillin-G and streptomvcin sulfate (20 ug/ml of each).
All pretreatments and incubations were performed in a constant-temperatture water batlh at 250 with shaking.
Incorporation of Lezicinle-'4C lJuto Proteins. The time course for incorporation of leucine-14C into proteins was determined. Six lots of 60 seeds eachl were soaked in 1 % NaHCIO for 15 mmin, washed 6 tinmes in sterile water, then imbibed in water for 0, 2, 4, 6, 8, and 10 hr. The seeds were then blotted on paper towels for 30 sec, and the incubation was started by transferring them into 50-ml Erlenmever flasks containing 5 ml of 10-M leucine-'4C, 1 c/m-il.
After 2 hr incubation, seeds were transferred into an ice bucket, washed 4 times with 25 ml of ice-cold water, blotted on paper towels, and frozen at -20°.
Proteins were extracted by grinding the seeds in an ice-cold mortar in 10 
Results and Discussion
Relationship of Respiration to Protein Synthesis. Time courses for respiration (O2 uptake) and incorporation of leucine-14C into soluble proteins during the first 11 hr of imbibition are shown in Fig. 2 .
The oxygen-uptake curve shows 4 distinct phases: (1) a quiescent phase of very low activity which exists in the dry seed; (2) a lag phase (0-2 hr) which is initiated by placing the seed in water and during which water uptake and respiration gradually increase; (3) a fully imbibed steady-state phase (2-7 hr) during which the respiration rate is 5-fold that of the first phase; and (4) a rapidly accelerating phase (9-11 hr) during which oxygen uptake is 12-fold that of the first phase. Initiation of the last phase seems to be associated with emergence of the radicle.
Incorporation of leucine-'4C into soluble proteins proceeds slowlv during the first 5 hr of imbibition, Samples of 80 seeds were imbibed at 250 for 5 hr in water, antibiotic (10 ,ug/ml Act D or 10-3 m Puro), or water followed by antibiotic (2.5 hr in each). They were then incubated for 2 hr in 10-4 M leucine-14C + antibiotic (same concn), and extracted in cold water. Soluble proteins were precipitated in 10 % cold perchloric acid and washed in 10 % cold perchloric acid containing 10-3 M unlabeled leucine. PLANT PHYSIOLOGY mvcin inhibits the transfer of aminoacyl residues from soluble RNA into long-chain polypeptides (13) . Table I shows the effects of 10 jug/ml of actinomycin D and 10-3 a\i puromycin on the uptake and incorporation of leuciine-14C into soluble proteins. \Vhen seeds are first imbibed in water theni in actinonivcin D, the uptake and incorl)oration of leucine are unaffected. On the otlher hand, \henlthe wvater pretreatment is eliminated and the drv see(Is are imbibed in actinomncin D, both uptake and incorporation of leucine are reduced. In contrast to actinomvcin D, puromycin inhibits the uptake but not the incorporationl of leucine when applie(l to seeds which were already imbibed in water for 2 and one-lhalf hr.
However, it inhibits both uptake anid incorporation of leuciine in seeds wlhich (lid not receive a wvater pretreatment.
The reductioni by actinomvcin D an(d puromycin of leticine-'4C incorporation into the acid-inisoltuble fraction wvhen dry seeds are imbibedl suggests that protein synthesis takes place as early as the first hr of imbibition (see Fig. 2 Seeds that failed to germinate as a result of treatimient with the antibiotic were not killed they imbibed the solution -but failed to grow. Actinonmvcin D, however, failed to reduce germinationl of Grand( Rapids lettuce seed even at a conlcentration of 500 utg/ml ( 14) . Such differences in the responses of these 3 kinds of seeds to actinomycin D reflect the diversity among tissues with respect to the i-egtulation and control of the complex growtlh process. High concentration of glucose-14C (10-3 AI) wx'as tused in the incubation medium in order to compensate for 2 major dilutions of the isotope (unpublished data). The first stemmed from the leakage of sugars from the seed into the imlbibing medium; the second was dilution inside the seed by endogenous sugar pools. Such glucose concentration had no effect on seed respiration. Glucose concentrations as high as 1 AI which are known to alter the metabolic activity of plant tissues ( 1, 4. 6, 9, 15, 17) did not change seed respiration during the first 10 hr of imbibition.
7The M1 etabolic Bala izce. These experiments were undertaken in order to deternmine the fate of glucose-UL14C in the germinating seed and in the embryo and endosperni portions. \lhole seeds, embryo and endosperm halves (prepared by cuttinog the seed into 2 equal portions along the equatorial axis), and dead seed (10-year-old seeds that failed to germinate) were used. The uptake of glucose-l4 C bv whole seeds does not appear to be anl active process since the uptake rate of the label is not higher by live than by dead seed (table III) . On the other hand, the greater uptake rates of the label by both embryo and endospernm half-seeds, as compared to that by whole seeds, reflects the extent to -which wounding increases the rate of glucose entry and transport into the sites where it is utilized. Because, as shown in Fig. 4 , incorporation of glucose depends upon uptake. a 3.3-fold increase in total uptake by half seeds over Table III . Upta4k (1)id Inicorporationz of Glucose-U-14C Inlto Germinating Barley Seeds were imbibed in water for 6 hr. then incubated for 3 hr in 10-< at glucose (1 uc/mIl) at 25: CO., was collected in saturated Ba (OH) , during the incubation period. Each treatment conIsists of 3 replicates which were incubated and extracted separately according to procedure outlined in Fig. 1 
